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1.. Abstract 

r-| ! We study the D^ -^ an^, D^ -^ p'^7r+, B^ -^ avr^, B^ -^ p^Ti^ and B^ -^ p^n^ decays in 

a valence quark triangle model, incorporating chiral symmetries. We find a good agreement 
with recent experimental data for D^ — >■ crvr"'" and for D^ -^ p^vr"*". We point out that a 
long-distance contribution due to the axial vector ai meson pole, calculated by using chiral 
symmetry, can be relevant to explain D^ -^ p^vr^ and for lowering the ratio 



X 



B{B^j^^T^ 
B{B- ^ pH-) 

to be consistent with its phenomenological determination, within the large experimental 
uncertainity. 



1 Introduction 



Recently there has been a revival of interest PJE] in a broad scalar-isoscalar light tttt 
resonance, the a meson, which has been controversial for a long time. It has appeared in 
the Reviews of Particle Physics [7] , as a broad resonance under the entry /q (400 — 1200) 
or 0". The E791 collaboration measurement of the D^ -^ Svr rate provides an evidence for 
a scalar resonance a having mass ttIq- = 478 ±24 MeV and width T„ = 324 ±41 MeV; the a 
is seen as a dominant peak leading to a fit in which 46% of the rate occurs via D^ -^ air^ 
while 33% of the rate occurs via D'^ -^ p^ir^ P5- There has been considerable interest in 
explaining these rates |3]. 

The effective weak Hamiltonian for the above decays can be written as [H] 



Hes = —^V*aVud jai [dc] 
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where, in the factorization ansatz, oi = 1.10 ± 0.05 and 02 = —0.49 ± 0.04 fitted with 
D-decays jHl E]. In this ansatz the relevant transition matrix elements are given as 

[A^ = rf7^75C, V^ = U'j^c] : 



{a (k) TT^ (q) \H ,^\ D^ (p)) 



^V:,V^,a,U Hqn (^ (k) \A,\ D+ (p)) , 

Cjrp 
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{pik)n+{q)\H,s\D+{p)) = -±v:,Vu4a,M-iqn {pik)\A,\ D+ (p)) 
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7r(g)|y^|D+(p)> 

The problem thus reduces to evaluating the form factors 

(a(fc)|A,|Z}+(p)> 
G+ (g2) (p ± k)^ ± G_ (g2) (p _ k) 



(3) 
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{n^iq)\V,\D+{p)) 
= F^{e){p + q)^ + F^{e){p-q)^. 

Thus we obtain: 

{a (k) 7r+ (g) \H ,s\ D+ (p)) = ^K^K^ai/. {ml - ml) [G^'^ (ml)] 
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We evaluate the above form factors G^'^ and Aq ^ in the model based on the constituent 
quark "triangle" graph of Fig. 1. It is in this respect that we differ from the calculation in 
Ref . jlj . Moreover, we take into account the "long-distance" contribution coming through 
the a]''-pole shown in Fig. 2, which has not been previously considered. Here, the weak 
vertex in the factorization ansatz can be expressed as 

(ai \H^\ D+> = ^y;,K.ai/„, {ifDPn , (9) 

with fo the leptonic constant of the D meson, while the strong vertices are defined by 

( a (k) 7r+ (q) \ a^ (p)) = i-la^anV ■ {q - k) , (10) 

corresponding to the Lagrangian {ad^n — nd^a) ■ a^. Moreover, 

(p(fc)7r+(g)|ai(p)) = i {ml^ - ml) r] ■ e* fa.pn, (H) 

where we have neglected the D-wave coupling gaipir, for which there is evidence to be 
negligible [Zj: 

D-wave amplitude ^_^^^^^^^^g 
D-wave amplitude 

The above considerations can be easily extended to B~ -^ p^vr" and B^ -^ P^t^^ ) where 
the Qi contributes to B~ -^ p^7r~ and only in a negligible way (being proportional to 02) 
to 5° — i> p'^ir^. In principle, this provides a mechanism to lower the value of the ratio 

B (g° ^ p%^) 
BiB- ^ pH-)' 

Previous theoretical estimates computed in the simple factorization ansatz of Ref. jH] tend 
to give this ratio much larger than its experimental value: (2.65 ± 1.8) or (2.0 ± 1.3) deter- 
mined, respectively, from the measured indicated branching ratios in ^I] and J2] • Recent 
efforts to understand the size of this ratio have been pubhshed, e.g., in Refs. jS] and [TBHTE] . 

2 Form factors and D^ -^ an^ and D^ -^ p^n^ decays 



The valence quark contribution shown in Fig. 1 gives 



j'^' = / ^^r^ (13) 



2 



where F^"^ is the matrix element 



^'d + "^d)^ 



Ft' = -^9.,n-v' iPd) {1)1 '',, 7 (7.75)L u, ip,) /^ 

'^ ^' Pdo Pd-^d \ Pco 



X h2^1=V3u'^ (p,) (^,)lvn (Pd) ct>D m\ . (14) 

Here, the term within the parenthesis is the bound state wave function of the D-meson, a/3 
being the color factor. We define the kinematical variables K = pc — pd and P = pc + Pd, 
so that K is the relative momentum and P is the center of mass momentum of the cd 
system. 

The evaluation of the trace implied in Eq. ()14p gives: 

F^' = -i^C{K)g^qg{{pc-pd + mcmd)p'd^, 

-{p'd ■ Pc + mcmd)pd^ + {p'd ■ Pd - ml)pcf,}^ j ' (^5) 

Pd "^d 

where 



C^K^^V^^ys^^MK). (16) 

Working in the D-meson rest frame (P = 0), where 

pg-m^ = -"^^-"^- + "^^fl-4V"^^"^~"^4 + q-K, (17) 

^ \ 7/7' r) / ^ III' rj 

and noting that, if (J)d (K) is of Gaussian type, K ~ dominates in the integration [T7] . 
one obtains [^ 
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,^. . 4.C(0).„,, '"°-1'V'"-^' 



2mn "^n - m2 + mH 1 1 ^ a-^ 

X I ("iD - 2mrf (mc + rrid)) (p + k)^ - {m\ + 2mrf (m^ + m^)) g^j , (18) 

where 

m\) + rnl — m^ 

^ ^ 2 9 i 2 ■ 

mj, — 771^ + m^ 

Note that, in the above approximation, Att / K^ dK (j)£,{K) becomes / (i^ii'0£)(K), which 

is the Fourier transform of the wave function at the origin, and we write it as 0d(O) or 
equivalently C(0). 



To eliminate AC (0), we consider the matrix element 

{0\A^\D{p))=zfnPx (19) 

which, when evaluated in the same valence quark approximation employed for the calcu- 
lation of J/i*^ , gives: 

/d = ^ 2 ("^c + ^d) [m^D - i^c - mdf] . (20) 



Thus, we finally obtain the valence quark triangle contribution 

fp \ m% - 2md (me + m^) 1 

mc + rridj ml, - m^ + ml i _ _2^ _ ^ 
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and, for k = m,^, this gives: 

G^- {ml) ^ G+ = ^.,5 T' ^S 2^ 2 ^- 22 

^ ^ \mc + miij mj-, — mf. + m^ i — a- 






An exactly similar calculation for the case of the p° in the p-dominance approximation 

{k^ = 0), so that Qpdd^^ = -i gives: 

\/2m^ 1 + -4- 
-zq^Jl^^ ^ {q ■ e*) (2m,) A^ {q') = -^fn-^q ■ e* . (23) 
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Thus, for g^ ~ m^ ~ 0, on using the KSRF relation fp = v2/7rm.p ^Hl, we find: 

<''(0) = -^(^). (24) 

Note that this result is independent of quark masses in contrast to Eq. ()22j] . It is, how- 
ever, subject to a suppression factor Fp (0) due to the off-mass-shellness of the p-meson 
[Fp (m^) = l] . From the p-dominance of the pion form factor, the experimental determi- 
nation 7p7r7r^ = 1-22 ± 0.03 indicates Fp (0) ~ 0.8 [20]. Accordingly, we rewrite Eq. ^ 
as: 



<" (0) = -\ (^) Fp (0) = -1.52/,, GeV-\ 



(25) 



To account for the effect of the a2-term in Eq. (jH}, we use the KSRF relation and the 
numerical value 1211. 



^°-K)- .,_.X'°U^ -i(^-«^'f- (2«) 
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with F_f^(0) ^ 0.3^, ^ = 1.14, D' being the radial excitation of the D. Using fo = 0.23 
GeV [22J, F^'^{0) = 0.53, not inconsistent with its other estimates [>2^. With -02/01 = 
0.44, the square bracket on the right-hand side of Eq. (8) has the value 



'a^^ (0) + 0.44^^^^ (ml)] ^ - [F, (0) - 0.71] -^ = -0.09 x -^. (27) 

This indicates that, in the framework used here, the a2-term of Eq. (1) can give a significant 
contribution to the D ^ pir channel. 

To obtain the numerical estimate for Gq '' (0) from Eq. (|^. we have to first fix g^^qq. 
The linear a- mo del gives [3tl24|l25]: 
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g^^^ = 2\v = 2g'; 
g = 2gmg = V2g'^U ■ 
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From these relations one finds: 
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Using Eqs. (^0)) and (jSH), f^D = 1-87 GeV and nic = 1.45 GeV, we obtain 

G^'' (0) = 3.7/b GeV-i 
The Oi-pole contribution from Fig. 2 gives, on using Eqs. (PITT|): 

(a(A;)7r+(g)|/7eff|/^+(p)> = ^KX^ai (^/^/^Jp^ 

-1 



(29) 
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— ^KdKdai/i^/ai {ml^ - ml) fa.p^q ■ e* . 
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(34) 



Now p ■ {q — k) = ml — m^ independent of p"^, and the above equations give, in the square 
brackets on the right-hand sides of Eqs. ((Tj) and (jH)), the additional contributions to Gq'^ 
and Aq ^ , respectively: 

gDa ^ fpfai ml -ml 1 ^^^^^^ ^^^^ 

"' /tt rrijj - ml 2ml^ 

n fn fn, mil — rni 

/[Dp JJJJai ai p p f'ifi') 



Moreover, the effective Lagrangian approach to Chiral symmetry gives [2F)] : 

1 
72A 



9aipTT U, JaipTT /?r /■ ' '^ai V ■^'^p. 



/ai = fp = V2fnmp, -fa^^jr = V^Tptttt = V^y^- 

Jit 

Using the above relations, we obtain for Eqs. (J35|l and p6|l the numerical values 

G^: = -^^4^ = 0.27/^ GeV-i (37) 

2 f^mj)-ml 

K' = -\^ = -l-QfoGeV-' (38) 

and finally, using Eqs. (jTTj) . (jH^ . (jHTj) and (jHHj) . the total contributions to the sqare brackets 
in the right-hand sides of Eqs. (|7j) and (jHl) become: 

[Go" + QZ^] - [1 + 0.073] 3.7/b GeV-i , (39) 

/l^^ + 0.44 F^^{ml) + ^H ~ - [0.09 + 1] (1.9) foGeV-^ . (40) 

For JD ^ 230 MeV, one gets 

[G^'' + Qa!] ^ 0.91 , (41) 

to be compared with 0.79 ± 0.15 needed [2H1] to explain the experimental branching ratio 
for D^ -^ an^. Clearly, predicted branching ratios depend on the actual values of fr, 
(and Jb) which, hopefully, will be experimentally determined in the near future |2ZI. With 
the same values we obtain, from Eq. (40), the width T {D~^ — > p'^vr"'") = 10.39 x 10~^^ 
GeV giving the branching ratio 1.66 x 10~^ to be compared with its experimental value 
(1.05 ±0.31) X 10-3 [Ij. 

If we extend the previous analysis to Dg — > 0vr where (1020) is treated as a pure ss 
state, we obtain [(0 |s7^s| 0) = /(/,e^]: 



In this case the intermediate Oi-exchange should be absent and, in the factorization ap- 
proximation, the a2-term in ifgflf should not contribute. Using f^ ~ 0.23 GeV^ from 
r (0 — > e'^e"), we would obtain 

Aj^^ ~ 2.2/z)^ GeV"^ ~ 0.62. (43) 

This leads to T (D, ^ (pn) ~ 2.8 x 10"^^ GeV and B {Ds -^ (pn) ~ 2.1%, compatible with 
the experimentally measured value 3.6 ±0.9% JTl and the theoretical estimate of Ref. j2B]tJ 

3 B ^ an, B ^ pn decays 

The effective weak Hamiltonian is given by [Oj 

C f - ^ 

Hes = -^V*^Vud |ai (u6)v_A Wv_A + ^2 (c?&)v-A (^^)v-a| > (44) 

where the Wilson coefficients Ci and C2, fitted for S-decays, are Ci (m^) = 1.105 and 
C2 {mb) = —0.228 so that ai = ci + |c2 = 1.03 and 02 = C2 + |ci = 0.14. The factorization 
ansataz gives for the decay B^ -^ an~ the analogue of Eqs. (PT|) and (J22I)- With tjib = 5.28 
GeV, nib = 4.757 GeV, m^ = 0.240 GeV, one obtains: 

{a {k) IX- (g) |/J,ff| B- (p)> = ^i;;K.aiA (m| - ml) [G^'^ [ml)] , (45) 

and the valence quark triangle contribution 

G^- = 2.67/b GeV-\ (46) 

With /b = 0.150 GeV, this gives [the ai-pole contribution is negligible because of the 
factor {rnl/m\) / (1 — rnl/m\) in Eq. (37)]: 

G^" = 0.4, (47) 

consistent with the value found in [H]. 

For B ^ pre decays, using the factorization ansatz: 

p'ik)7r-{q)\H,s\B-ip)) 

aiU (-0 (p° (k) \A,\ B- (p)) + a2 (^-^) e*^ {n' (q) \V,\ B' (p)) 



V2 



ub^ud 



^Treating the /o(980) as a pure ss state we would obtain from the analogous quark triangle diagram, 
with rus « 1.6mg, a value for B{Ds — > /qtt) substantially larger than the experimental one (and the 
result of j28|'l. To have agreement we would require a mixing angle with the nonstrange scalar-isoscalar 
component of the order of 10 - 20 degrees for ruq — (0.24 — 0.31) GeV. Thus, our model does not favour 
the description of /o as a pure ss state. 
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(p+ (k) TT- (q) \H,s\ B' (p)) = ^V:,V^,a,U 



{2mp) e* ■ q 
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[p-{k)ir+{q)\H,f,\B'{p)) = ^V:,Vu,aJ,e*^ {n^ (k) \A,\ B' (p)) 

Grp 



V2 
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Here: A^, = u-ff^-f^b, V^ = w-f^b, and 

{t^^ {k)\V,\B\p)) = {p + q)^F^{e) + {p - q)^F,{e) . 
Noting the relations 



K) • (50) 
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Qp+ud = V^dpOi 



m. 



rrin 



fp V2U' 



the quark triangle diagrams give: 



^f"^ 



V2A 
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V2fB 

4 U 



^2(0.25) 






(52) 



The form factor F^ ^ introduced in Eq. ()5ip has been found to be about 0.30 j^ llSj. 
so that, with fs = 0.150 GeV [notice that, here, F^''(m^) ^ F_^''(0) to a very good 
approximation as m^ /m\ corrections are negligible]: 



Ff°-+ (0) = F^"-" (0) ^ 0.26^. 



(53) 



Now, the a]"-pole contributes to B~ — >• p°7r~ and, in vacuum saturation, negligibly to 
B^ -^ p^Ti^, the latter contribution being controlled by the small 02 coefficient. This can 
enhance the branching ratio for B^ -^ p^Tx~ and, as such, provide a mechanism (in addition 
to the (j-contribution to B^ -^ p°7r^ decay 5j) to lower the ratio TZ. The additional, 
intermediate oi-contribution to be included in the square brackets on the right-hand sides 
of Eqs. (gHll-dSIl, see Eq. (jHEl), is given by 



A. 



B-pO 



(0.25) ^. 



(54) 



One can note the change of sign since the a^ -^ p^n coupling has sign opposite to 
af -^ P^T^^ 1 and similar is the case for the relative signs of a\ —^ p^n^ and a? ~^ p^tt^. 
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Thus, on using Eqs. PH j) - (j3^ . and the suppression factor -Fp(O) ~ 0.8 to take care of the off- 
mass-shellness of the p-meson in Eq. fl52|) . one finds [we also include the small contribution 
controlled by 02/(21 — 0.13 of the Oi meson to the p^vr^ modes]: 

^ ^ .^y [0.20 + 0,25 . 0.13/ V2]'- + [0.26 - 0.25 ■ 0.13/^2]^ ^ ^^^ 
V / [0.20 + 0.26-0.13 + 0.25]^ 

in the lower range, but still consistent with the interval allowed by the experimental deter- 
mination. Note that this ratio is almost independent of the value of fs/ fir, and that the 
effect of the a2-term of Eq. ()44|1 is almost negligibleo The individual branching ratio is 

B {B- -^ p°7r") = 1.99 \Vub\^ = (2.43 ± 2.08) x 10"^ 

for \Vub\ = (3.5 ± 1.5) X 10"^, that is compatible, within the uncertainty, with the experi- 
mental upper limit i3 < (1.0 ± 0.4) x 10"^ |Zj. 

4 Conclusions 

Our analysis of the decays D^ — > crTr"*", D~^ — ^ P^'^'^, B~ -^ an' , B~ — > /9°7r~ and B^ — > 
p^vr'^show that the valence quark "triangle" graph, supplemented by the long distance 
ai-exchange, is in reasonable agreement with the available branching ratios, in particular 
with D^ -^ p^-K^ and that of D^ -^ an^ recently measured. The contribution from the 
ai-pole has also been found important. In particular, the inclusion of this contribution 
gives the ratio 

n = -^ — — !- ^ 0.9, 



B [B- -^ pH-) 



consistent with the experimental values within the large experimental uncertainities. More 
accurate determinations of this ratio would provide a stringent test of the model presented 
here. 
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^Actually, in principle the "long-distance" oi-meson contribution could be subject to a suppression 
factor taking into account the ai off-mass-shellness. This effect does not relate to the ai-meson propagator, 
that is cancelled by a corresponding numerator, see Eqs. (|33|I - H36(I . but may reside in the coupling faipn- 
Such correction might be taken into account by introducing a i?-factor Ba^. Assuming Ba^ ~ 0.7 — 0.8, 
i.e., the same order of magnitude found for K ^ K and B ~ B mixing |23| . the correction would slightly 
increase the numerical result for TZ in Eq. H55() . thus improving the agreement with the experimental value. 
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Figure 1: Quark triangle graph for (o", p'' \d'-) ^'-)^c\ D^) 



D^ 



O 
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G, p^ 



Figure 2: ai-pole contribution to D^ -^ a (p") vr 
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